ZnO/ZnSe coaxial nanowires with dierent ZnO core diameters were synthesized by using a two-step chemical vapor deposition. The scanning electron microscopy images demonstrated that the coaxial nanowires with small ZnO core diameter had the smoother surface than that with large ZnO core diameter. A coherent ZnSe layer with wurtzite structure was observed in the nanowire interface between the ZnO core and the ZnSe shell by high resolution transmission electron microscopy. This coherent layer is benecial to reduce the defect density and improve the crystal quality by suppressing the phase transition. It was found that the coherent thickness was signicantly related to the ZnO core diameter. For the nanowire with large ZnO core, a thin critical thickness of 23 nm was obtained. As a result, a layer of zinc blende ZnSe appeared outside the nanowire, and a lot of defects existed in the interface between the ZnSe layers with dierent phase structures. For the nanowire with small ZnO core, however, the critical thickness increased and a coherent coaxial structure was observed with the same lattice spacing in the ZnO core and the ZnSe shell. To obtain defect-free coaxial nanowire, an optimal structure was also proposed by theoretical calculation.
Introduction
Nowadays, one-dimensional semiconductor nanomaterials have attracted much attention due to their potential applications in nanoelectronic and nanophotonic devices, such as nanolasers, light emitting diodes, solar cells and so on [16] . Among the semiconductor materials, zinc oxide (ZnO) obtains considerable research interests due to its mature one-dimensional growth technology and wide bandgap (3.37 eV) as well as large exciton binding energy (60 meV) [7, 8] . Recently, varieties of ZnO-based coaxial nanowires (NWs), such as ZnO/ZnSe, ZnO/ZnS, ZnO/ZnTe, have been synthesized to control and enhance their functions [913] . As we know, interfacial structure and quality play important role in structural material performances. It is expected to grow coherently coaxial nanowire without interfacial defects. Dierent methods have been attempted to make high quality heterostructures [1417], but it is still a challenge because of the lattice mismatch between the core and the shell, especially for ZnO/ZnSe with larger mismatch [18] .
In this work, we aim to grow ZnO/ZnSe core/shell nanowires with high quality interface by using a two--step chemical vapor deposition (CVD). Dierent diameters of ZnO cores were synthesized to investigate the relation between the defects and the lattice mist strain.
The morphologies were characterized by scanning electron microscopy (SEM). The interface structures and critical thickness were examined by high-resolution transmission electron microscopy (HRTEM). Finally, an optimized coaxial structure was suggested based on the theoretical analysis. * corresponding author; e-mail:
zmwu@xmu.edu.cn, jykang@xmu.edu.cn
Experimentals
The growth of vertically well-aligned ZnO NWs on aluminum zinc oxide (AZO) substrate was carried out in a horizontal quartz tube furnace with three heating zones. (Tecnai F30) and energy-dispersive X-ray spectroscopy (EDS), respectively.
Results and discussion
The morphologies of ZnO/ZnSe nanowires with different ZnO diameters were observed by SEM. Figure 1 shows that NWs are uniform and vertical to AZO sub-
Observation and Control of Interfacial Defects . . . ZnO core, the interface between the core and the shell is almost defect-free due to the coherent structure. Meanwhile, the surface of coaxial nanowire is relatively smooth compared to large ZnO core. This is because most of the mist stress is accommodated in the ZnO core, instead of the ZnSe shell.
It has been known that there is a large mismatch between ZnO core and ZnSe shell, and phase transition occurs when the shell thickness is beyond a critical value.
The detailed HRTEM analysis indicates that mist defect density increases with the increase of layer thickness. To reduce defect density by suppressing the phase transition, ZnSe shell should be grown within the critical thickness to accommodate the large mist strain by elastic deformation. According to the TEM investigation, the critical thickness of the ZnSe is also related to the diameter of ZnO core.
In the light of this investigation, we constructed a cylindrical ZnO/ZnSe core/shell nanowire model, as and crystalline phase transition [19] .
As it can be seen in Fig. 3b , when ZnO diameter is larger than 20 nm, the critical thickness is very thin, about 23 nm, which agrees well with the observation in Finally, to obtain defect-free coaxial nanowire, an optimal structure with ZnO core of about 9 nm in diameter and ZnSe shell of 6.5 nm in thickness was proposed by theoretical calculation.
